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S oft contact lens wear can be accompanied by a number of complications ranging from self-limiting conditions to rare cases of microbial keratitis (MK). 1, 2 Among them are corneal infiltrative events (CIEs), defined as a noninfectious infiltration of white blood cells into the avascular corneal stroma, often with accompanying hyperemia; these require differential diagnosis from infectious MK. 2 Those CIEs related to soft contact lens (SCL) wear are among the most important clinical complications encountered during SCL wear. In 2010 in the United States, it was estimated that there were approximately 32,013 nonsevere and 17,248 severe cases of CIEs, with an estimated cost of between $1003 and $1496 per incident, respectively. 3 These inflammatory episodes typically drive clinical visits and pharmacologic treatment before they resolve and may discourage SCL wearers and prescribers alike due to the inconvenience and discomfort associated with them. 4 In the last decade, the annualized incidence of symptomatic CIEs in safety studies was reported as 3.3%/y in a postmarket surveillance registry of patients attempting 30-night continuous wear in North America 5,6 ; 4.0%/y in a retrospective chart review of mostly daily wear (DW) 7 ; 3.4% for Hyd extended wear (EW) and 7.2% for SiHy EW (rates converted from eye-years to patient-years) 8 ; 5.0% in a prospective study of DW of SiHy lenses 9 and 10.7% in a smaller UK prospective study that included many neophyte wearers. 10 In these studies, the rate fluctuated depending on study design and setting, with prospective designs with frequent clinical visits reporting more asymptomatic CIEs of lower severity. 11 There are many factors that have been associated with higher risk of CIEs with modern SCLs, including EW, associated with between 23 and 43 higher risk 7, [12] [13] [14] [15] ; bioburden on the eyelid (53 higher) 9 ; a history of prior CIEs (73 higher) or corneal scars (43 higher) 16 ; patient age < 25 years 5, 7, 16, 17 or > 50 years 5 ; smoking 18 ; 33 higher with use of a multipurpose lens care system compared with hydrogen peroxide 7 ; and use of silicone hydrogel lenses (approximately 23). 7, 13 Factors that may be ameliorated by single-use daily disposable (DD) lenses Copyright 2015 The Association for Research in Vision and Ophthalmology, Inc. www.iovs.org j ISSN: 1552-5783 compared to reusable lenses are 5.43 higher risk due to infrequent lens storage case replacement, 19 6 .43 higher risk with poor case hygiene, 19 bioburden on the SCL, 18 and bioburden of the SCL storage case. [20] [21] [22] Compared to use of reusable contact lenses, DD lenses were associated with a 12.53 lower risk of CIEs when worn on a DW basis in a large US case-control study, 13 but in an earlier UK case-control study, one brand was associated with a 2.73 increased risk of sterile keratitis (CIEs). 15 In the United States, DD lenses have an increasing market share, with a trend from approximately 10% in 2006 to approximately 25% of all SCL fits from 2008 forward. 23 Efron and coworkers 23 have reported a wide disparity in the proportion of DD lenses being prescribed in different countries, with Norway reporting approximately 45% of new fits in DD compared to Canada with fewer than 10% in DD lens types.
Postmarket surveillance of safety outcomes such as CIEs can be accomplished through passive or active methods. The 1990 Safe Medical Device Act of the U.S. Food and Drug Administration (FDA) outlines the legal requirements for postmarketing surveillance and passive adverse event (AE) reporting for medical devices like SCLs. 24 Postmarket surveillance is not typically required for CLs, but can be mandated under the FDA 522 guidelines. 25, 26 In recent history, active postmarketing surveillance was mandated for three manufacturers of CLs that carried an indication for 30 nights of continuous wear 6, 27 and for lenses that were used primarily by pediatric populations. 28 Occasionally, these mandates follow the publication of case reports from the literature indicating a safety concern during normal clinical use, as in the case of overnight orthokeratology. [29] [30] [31] [32] [33] [34] [35] [36] Manufacturers may also decide on their own to establish rates for safety outcomes, but for SCLs, no large voluntary postmarket surveillance study has been conducted in recent history. 37, 38 The purpose of this study was to measure the incidence of CIEs and other AEs in a postmarket surveillance registry of wearers who had recently been fit with 1-DAY ACUVUE TruEye (SiHyDD) or 1-DAY ACUVUE MOIST (HydDD) DD lenses (Johnson & Johnson Vision Care, Inc., Jacksonville, FL, USA), the TEMPO Registry. The incidence of CIEs was compared to estimates of historical CIE rates for each lens brand. Study sites were selected based on geographic clusters and evidence of substantial usage of the DD lens brands being studied. An effort was made to represent a broad array of various health care settings where patients can have SCLs prescribed (e.g., practices in retail chains, privately owned eye care practices, and specialty medical clinics). Sites agreed to participate, and staff were trained in group meetings and onsite before registrations began.
METHODS

Study Procedures
Eligible subjects were any new or experienced SCL wearers age 8 and older who had recently (within the last 2 weeks) been fit with either 1 DAY ACUVUE TruEye (narafilcon B ¼ SiHyDD) or 1 DAY ACUVUE MOIST (etafilcon A ¼ HydDD) spherical DD SCLs in both eyes and had purchased at least a 3-month supply of that brand of lenses. (Lenses could be purchased elsewhere and brought back to the registration site to complete the registration process.) Exclusion criteria were previous wear of either test lens if the participant was intending to enroll wearing that lens type in the registry, any concurrent participation in an unrelated research study, or employment of the participant or a family member by the recruiting site or Johnson & Johnson Vision Care, Inc.
Lens wearers were registered after they and their eye care practitioner had decided that one of these DD lenses was appropriate for them, lenses had been fit, and they had purchased at least a 3-month supply. After informed consent and/or assent, the eye care practitioner completed an electronic questionnaire for each subject that included specific history such as prior SCL power, prior CL and lens care product brands, and prior CL-related complications experienced by the subject. Experienced lens wearers then completed a branching electronic survey that queried past experience with their CLs, symptoms, motivations to wear, and overall opinion of their habitual CLs; new wearers completed the same survey minus questions about habitual CLs. All registered wearers completed Release of Medical Records forms and provided contact information for remote follow-up for later surveys. Parents of registered wearers under age 15 years were asked to complete parent questionnaires. During this study, subjects purchased all lenses that they wore. No lenses were given as compensation for participation in the study.
All later surveys were collected remotely via e-mail or telephone, with reminders sent to the wearers after approximately 2 weeks (days 10-30), 4 months (110-150 days), and 12 months (350-395 days). A question about having experienced a red or painful eye was asked at all the follow-up surveys, and a positive response triggered investigation of clinical records. Wearers who failed to respond to a survey were retained in the cohort until the next survey cycle, but were considered nonrespondents if they failed to complete all later surveys. Wearers who reported that they were no longer wearing test lenses were paid for that survey and exited from the study. Subjects could withdraw from the study at any time. Wearers were modestly compensated for completion of each survey.
Adjudication Process
The primary endpoint was an AE with an adjudicated diagnosis of a CIE according to the Cornea and Contact Lens Research Unit Adverse Events grading scheme. 1, 2 All potential AEs were identified via a registered wearer's positive responses to the question ''Since we last contacted you, have you experienced a red or painful eye that required a visit to an eye doctor or emergency room?'' Any potential AEs captured by an affirmative answer to this question were investigated first with the registering site and then with other treatment facilities reported by the registered wearer. (This process allowed for tracking wearers who sought care at a facility other than the registration site.) Redacted electronic images (FAX or PDF) of the complete AE-related clinical record were obtained and were sent to the adjudication committee (Table 1) at the end of the study for consensus adjudication of diagnosis and determination whether the event was likely SCL-related. This study method has been employed in previous FDA-mandated postmarket surveillance of SCLs. 5, 6 Statistical Methods Demographics, history, and patterns of lens use at registration were described and compared between the HydDD and SiHydDD cohorts using t-tests for continuous data and v 2 tests for categorical data. Primary outcome AEs were symptomatic CL-related CIEs that required an office visit for management and were analyzed by lens type.
Years of exposure to lens wear were calculated as the difference in days from the date of the registration visit to the last survey completed by each subject, divided by 365 d/y. Subjects who switched to the opposite test lens (for example, a HydDD subject who began to use the SiHyDD test lens on a later survey, and vice versa) had their time split evenly between the two lens types since the exact date that they switched from one lens to the other could not be established. Subjects who reported that they had switched to another lens type had only the time when they were still wearing the study lens included in the years of lens exposure. Subjects who missed the 2-week or 4-month surveys but who subsequently completed the 12-month survey were retained in the study. Data from subjects who reported they were no longer wearing study lenses or were entirely lost to follow-up after registration were not analyzed. All data from all other surveys were used in this analysis.
The annualized incidence rates of AEs were calculated by dividing the number of cases by the person-years of follow-up. Rates are reported by lens type and expressed as events per 100 subject-years of wear. A Poisson distribution was used to calculate the 95% confidence intervals and the log of years of follow-up used as an offset and site as a random effect. Primary outcome events were symptomatic, CL-related, and requiring an office visit for management and were analyzed by lens type. We estimated that we required a sample size of 1085 to measure an AE rate that is 35% lower than historical controls (approximately 4%) 5,7,9 with a power of 80% and setting level of significance at 5%. To allow for dropout we aimed to recruit a maximum of 1260 wearers, with at least 500 in each lens type. All other potential AEs are described separately, and event rates have been compared to those found in other studies. 5, 7, 9 The effects of lens type, age, sex, experience in lens wear, and high refractive error were modeled and interactions were explored. All data summaries and statistical analyses were performed using SAS software Version 9.3 (SAS Institute, Cary, NC, USA).
RESULTS
Study Enrollment and Retention
The TEMPO Registry enrolled 1171 subjects (n ¼ 601 SiHyDD and n ¼ 570 HydDD) from 37 sites with 83 registering clinicians between November 2011 and August 2012; of these, 977 (83.4%) were experienced SCL wearers. Of the subjects enrolled, 965 subjects completed the study (82.4%). The study tracked AEs in 960.3 years of lens wear. Subject accountability is shown in Table 2 . Two-week surveys were completed by 1073 registered wearers (91.6%); 1026 (87.6%) completed the 4-month survey and 965 (82.4%) completed the 12-month survey. In total, 4235 surveys were completed, as shown in Table 2 by treatment arm.
Observed Cohorts
The observed groups reflected the male/female mix of SCL wearers in the United States with one-third male wearers 39 ; HydDD wearers were 31.2% male and SiHyDD wearers were 33.4% male (P ¼ 0.42). The HydDD cohort was statistically significantly younger compared to the SiHyDD cohort (mean 30.3 6 12.9 years versus 33.2 6 13.9 years, respectively, P ¼ 0.0002, Fig. 1 ), and there were significantly more students in the HydDD cohort. The age range was from 8 to 76 years. Wearers were racially quite diverse (64.6% Caucasian, 10.2% Hispanic/Latino, 7.2% Chinese, 18% other races), and 29.2% were students. Table 3 describes the habitual SCLs for experienced wearers, and Table 4 shows the prior CL-related complications that were known by the eye care practitioners.
At registration, the HydDD cohort had a significantly shorter history of lens use, with significantly more of them entering the TEMPO Registry as new wearers (20.7%) compared to the SiHyDD group (12.7%) of new wearers (P ¼ 0.009, Fig. 2 ). Twenty-five percent (25.3%) of the SiHyDD wearers and 19.5% * Includes 84 wearers who reported use of both lens types across three follow-up visits, split equally between treatment groups ("switched'').
AEs With Hydrogel and Silicone Hydrogel DD Lenses IOVS j January 2015 j Vol. 56 j No. 1 j 656 of the HydDD wearers reported swimming at least three times per week (P ¼ 0.50), an activity that was queried due to the potential exposure to water that may increase the rate of AEs. The HydDD cohort had a significantly higher self-report of previous red eye that caused a visit to the eye care practitioner or emergency room with prior CLs, with 19% citing that history compared to 11.5% of the SiHyDD cohort. The majority of these subjects wore their lenses 6 or 7 days per week (SiHyDD 70.7% and HydDD 64.8% P ¼ 0.016 for entire days/ week distribution). Approximately 75% reported using their lenses only on a daily wear basis, with no differences between cohorts, and only 3% reported wearing prior lenses 6 or 7 nights per week.
Years of Wear Tracked
The study tracked 960.3 years of DD lens wear: 489.4 years for the SiHyDD wearers and 470.8 years for the HydDD wearers. Each total included one half of 79.6 years, split equally between treatments. The totals also include 9.6 years for SiHyDD and 8.7 years for HydDD for wearers who were enrolled as one lens type but indicated wear of the other.
Misuse of Daily Disposables During Observation Period
The cohorts reported relatively high rates of noncompliance with use of DD lenses, and over time, levels of compliance diminished. Storage and reuse during the past 2 weeks was reported by 9.4% at 2 weeks, 12.7% at 4 months, and 16.6% at 12 months (P ¼ <0.0001). Some EW during the past 2 weeks was reported by 14.3% at 2 weeks, 20.9% at 4 months, and 22.2% at 12 months (P ¼ <0.0001). Noncompliance to daily replacement of lenses in the last 2 weeks was reported by 6.3% at 2 weeks, 10.0% at 4 months, and 14.5% at 12 months (P < 0.0001). Table 5 shows enrollment, retention, and events with office visits reported by site, and Table 6 shows event rates, CL related or not, and how many were associated with an office visit. Table 7 gives details of each potential reported event with demographics and comments. One subject reported an event after having switched to a nonstudy lens, ACUVUE OASYS (Johnson & Johnson Vision Care, Inc.), and this event is not included in the totals.
Incidence of Corneal Infiltrative Events
Regression analysis for all CL-related events (n ¼ 22 with and without clinical visits) and CL-related events (n ¼ 11) with clinical visits was not very illuminating due to the small number of events to consider 40 (Table 8 ). Extended wear (at the last survey or any survey) was not included in the models, as it was not reliably investigated at the time of the event, although none of the 11 cases with clinical visits and only one of the remaining 11 CL-related cases without office visits reported EW on any surveys during the study. The rate of CLrelated events with office visits was low and not different between lens types ( Table 6 , 1.6%, 95% confidence interval [CI] 0.8-3.2 versus 0.6%, 95% CI 0.2-1.9). In all regression analyses there was no influence of lens type on risk of a CLrelated event, though the 95% confidence intervals are very wide.
Patient age was significantly related to development of an event with the 22 cases (with and without office visits, results not shown) and was apparent for the 11 cases with clinical visits but only after adjusting for lens and lens/age interaction (odds ratio [OR] 1.05, 95% CI 1.01-1.10). For every year older, there was a 5% increase in the risk of a CL-related AE requiring an office visit. Other factors, such as high lens power (Rx), lens wearing experience, and sex, were not significantly related to developing an event in the registry using either group of events. AEs With Hydrogel and Silicone Hydrogel DD Lenses IOVS j January 2015 j Vol. 56 j No. 1 j 657 Figure 3 shows the CIE incidence and 95% confidence intervals compared to those of other large CIE studies in the United States. The incidence of CIEs in the current study is significantly lower than for any previously reported study with similar power. 5,7
DISCUSSION
The annualized incidences of CIEs and other AEs are both significantly lower than in prior studies, even with ample representation of at-risk groups of younger (21.6% between 16 and 25 years) and older (9.7% older than 50 years) patients and noncompliant patients in our registry. 5, 7, 17 This positive result with DD lenses was predicted in a previously reported casecontrol study that found 12.53 lower risk of CIEs with DD use compared to reusable lenses with daily wear, 13 but in this prospective registry it is confirmed with a more rigorous methodology. The positive outcome also indicates that even when some wearers slip on the main best use habits with DD lenses (no EW, replacing with a new lens every day, and no storage and reuse), there was still a low rate of CIEs and other types of events with these lens brands. This suggests that these DD lenses are reasonably robust to imperfect patient practices.
Rates of other AEs were also very low in this registry, although comparison to other studies depends on the study design. In a retrospective chart review that would primarily identify events severe enough to drive a visit, Wagner and coworkers 41 found 522 AEs of various kinds that interrupted lens wear in 4662.5 years of wear, for an estimated annual rate of 11.2% for all types of AEs (including CIEs). Other prospective study designs with more frequent clinical visits report AE rates of 14.2% 42 and 23%, 14 for example. The 1.6%/y and 0.6%/y for the SiHyDD and HydDD cohorts in this study compare very favorably to low AE rates in earlier work by Solomon and coworkers 43 and represent a clinically important difference in problems encountered by the DD wearers in this registry.
Even with a paucity of events to analyze, this registry found that older age was independently associated with the development of a symptomatic AE requiring an office visit.
Older and younger age have been previously reported as a risk factor for CIEs with reusable SCLs. 5, 7, 17 It is possible that older age may be a surrogate for another factor that was not explored in our analysis. However, we were limited by the lack of detail about circumstance at the time of the event and the small number of cases. Older age has been reported as a significant risk factor for worse outcomes in CL-related MK, 44 lending support for the hypothesis that there are changes in the ocular surface with age, which makes contact lens wearers more vulnerable. In our study, a higher proportion of older wearers enrolled in the SiHyDD lens group (Fig. 1) , possibly reflecting economic factors between young and older SCL wearers as the SiHyDD lenses carry higher cost. The inherent weakness in any prospective study comes with subjects that are lost to follow-up; thus the retention rate in a study is a main quality measure. In this registry we had a known number of wearers and finished with a very successful retention of 82.3% of the enrolled wearers, 3.8% active withdrawals, and only 13.8% lost to follow-up. This rate of active withdrawals is extremely low, and more than likely a substantial number of wearers who discontinued use of these DD lenses are included in the group we are considering lost to follow-up. Even in 12-month studies in which CLs and supplies are provided free of charge, combined discontinuation and loss to follow-up rates between 32% and 36% have been reported. 9, 14, 27 The TEMPO Registry's retention at 82.3% is AEs With Hydrogel and Silicone Hydrogel DD Lenses IOVS j January 2015 j Vol. 56 j No. 1 j 660 also slightly better than the 80% reported in a similarly designed study that was carried out a decade ago, 5,6 most likely due to improved ability to contact wearers electronically and allow them to submit their responses online. The registry encountered so few CIE events that our planned regression analysis to determine risk factors was not very fruitful. It is noteworthy that the subjects enrolled in the SiHyDD cohort were different than the HydDD cohort at the registration visit; they were older, had more CL experience, and included more subjects with CL-related dry eye at baseline, representing the types of patients whom practitioners selected for this relatively new lens modality. Some of these differences comprise a different risk profile for CIEs in the SiHyDD group and may account for the difference in AE rate for that cohort. Table 7 shows that 79% (11/14) of the wearers with clinical visits with AEs were older than 40 years of age in the SiHyDD group. 45 It has been hypothesized that the highest rate of severe complications (microbial keratitis) is found when a lens type is new to the market and used by ''early adopters.'' This was based on the observation that the risk profile of new products decreased once they were used more widely. The estimate for rate of complications with the SiHyDD product may be an overestimation; however, this cannot be inferred from our data. The very low rate of AEs in general and absence of CIEs with use of the HydDD product are extremely encouraging considering the larger proportion of wearers in their late teens and early 20s in that cohort. Young SCL wearers between 15 years and the mid-20s have been shown by a number of authors to carry higher risk of all AEs 41 and CIEs compared with other age groups, and the simpler DD care paradigm may help alleviate youth as a risk factor. 5, 7, 13, 16 The advantages of DD lenses are many and are described thoroughly in a review by Cho and Boost. 46 In addition to being easy for wearers to use, the lack of need for cleaning and disinfection routines and lens storage cases very likely contributes to the low CIE rates found in this registry. Even though with improper use DD lenses can become contaminated, 22 avoiding exposure to the lens storage case protects wearers from a high likelihood of bacterial contamination in the solution or biofilm on the case environment that may trigger ClE events. 9, 21, [47] [48] [49] Avoiding the burden of cleaning and disinfecting SCLs properly should help patients use their SCLs the right way, resulting in improved safety outcomes.
Even with the easier paradigm offered by DD lenses, daily replacement frequency with better patient-reported compliance than with reusable lenses, 50 the slippage in best use habits increased with each survey after the registration visit. Wearers began to take matters into their own hands as the year progressed, and by the end of the year approximately one-fifth of the wearers were using DD lenses on an EW basis at least occasionally and one-seventh were sometimes failing to replace with a new lens and reused their DD lenses. This study with 37 registering sites participating offered a wide range of training and support to these lens wearers as they began to use these DD lenses, but the results indicate that some type of support independent of the prescribing site may be recommended to maintain best use habits in DD wearers. Eye care practitioner organizations and DD lens manufacturers should develop succinct messages to reinforce right use steps with experienced wearers as they begin to use DD lenses.
In conclusion, a decrease in the proportion of wearers who used their DD lenses properly (no EW, no lens reuse or overnight storage) between the 2-week and 4-month surveys points out the need for reinforcement of these instructions a few weeks after fitting with DD lenses. Eye care practitioners should make certain that the steps for proper use of DD lenses are clearly reinforced at each aftercare visit with strong, simple messaging that discourages overnight wear and reuse of DD lenses.
This postmarket surveillance registry provides encouraging and important real-life information on the safety outcomes with ordinary use of these DD lenses. The low rate of symptomatic AEs at 0.9%/y, and symptomatic CIEs in particular at 0.2%/y, should fuel wider use of these lens types in order to make the wearing experience safer and easier for the lens wearer and eye care practitioner alike. This could also result in a reduction of health-related spending due to SCL use. 3 In particular, these results point to active prescribing for lens wearers aged 16 to 25 years and older than 50 years who are in higher-risk groups due to their demographics. 5, 7, 13 
